In yeast, there are at least two vesicle populations upon ER (endoplasmic reticulum) exit, one containing Gap1p (general aminoacid permease) and a glycosylated α-factor, gpαF (glycosylated proα-factor), and the other containing GPI (glycosylphosphatidylinositol)-anchored proteins, Gas1p (glycophospholipidanchored surface protein) and Yps1p. We attempted to identify sorting determinants for this protein sorting event in the ER. We found that mutant Gas1 proteins that lack a GPI anchor and/ or S/T region (serine-and threonine-rich region), two common characteristic features conserved among yeast GPI-anchored proteins, were still sorted away from Gap1p-containing vesicles. Furthermore, a mutant glycosylated α-factor, gpαGPI, which contains both the GPI anchor and S/T region from Gas1p, still entered Gap1p-containing vesicles, demonstrating that these conserved characteristics do not prevent proteins from entering Gap1p-containing vesicles. gpαF showed severely reduced budding efficiency in the absence of its ER exit receptor Erv29p, and this residual budding product no longer entered Gap1p-containing vesicles. These results suggest that the interaction of gpαF with Erv29p is essential for sorting into Gap1p-containing vesicles. We compared the detergent solubility of Gas1p and the gpαGPI in the ER with that in ER-derived vesicles. Both GPI-anchored proteins similarly partitioned into the DRM (detergent-resistant membrane) in the ER. Based on the fact that they entered different ER-derived vesicles, we conclude that DRM partitioning of GPI-anchored proteins is not the dominant determinant of protein sorting upon ER exit. Interestingly, upon incorporation into the ER-derived vesicles, gpαGPI was no longer detergent-insoluble, in contrast with the persistent detergent insolubility of Gas1p in the ER-derived vesicles. We present different explanations for the different behaviours of GPIanchored proteins in distinct ER-derived vesicle populations.
INTRODUCTION
Proteins of the eukaryotic secretory pathway are synthesized and inserted into the ER (endoplasmic reticulum) where they receive co-and post-translational modifications important for their function and structure. The ER exit process of the proteins is mediated by the sequential recruitment of COPII (coat protein complex II) components to the ER membrane, leading to the formation of COPII-coated vesicles, which carry proteins and lipid from the ER to the Golgi structure [1] . Historically, two models exist to explain how cargo proteins are packaged into COPII-coated vesicles: a bulk flow model and a signalmediated export model. In the bulk flow model, any protein that is soluble or free to move in the membrane is incorporated into vesicles and transported towards the Golgi compartment. ER-resident proteins are localized to the ER by retention or retrieval from the Golgi. This model is consistent with results showing that two highly abundant secretory proteins, amylase and chymotrypsinogen, are not concentrated when they are packaged into COPII vesicles in mammalian pancreatic cells but rather at a later stage, presumably due to reduction of the volume of the recently budded compartment from recycling of membrane components back to the ER [2] . In the signal-mediated export model, proteins that leave the ER contain specific ER exit signals and are selectively transported out of the ER. Recently, several classes of ER exit signals have been identified for transmembrane and luminal proteins in yeast [3] [4] [5] . Proteins carrying ER exit signals bind to COPII components directly or indirectly via receptors, and are concentrated into vesicles upon ER exit [3, 6] . Among them, the Gap1p (general amino-acid permease) is a transmembrane protein enriched approximately 3-fold in COPII vesicles relative to membrane phospholipids. The di-acidic sequence in the C-terminal cytoplasmic domain is essential for this concentrative sorting [7] . A soluble secretory protein, gpαF (glycosylated proα-factor), is enriched 20-fold in vesicles [7] and contains a hydrophobic signal within the proregion that is essential and sufficient to direct its export via the transmembrane receptor protein Erv29p [8, 9] . Importantly, ER exit of gpαF is not absolutely dependent on Erv29p [8] and bulk flow movements of those precursor proteins from the ER could explain the reduced transport rate in the absence of those potential receptors [7] .
GPI (glycosylphosphatidylinositol)-anchored proteins are localized on the surface of eukaryotic cells via a glycolipid anchor. In the lumen of the ER, a preassembled GPI anchor is transferred en bloc to the newly generated C-terminus of the precursor protein after cleavage of the GPI-attachment signal [10] . GPI-attachment is indispensable for further transport to the Golgi apparatus [11] [12] [13] . Efficient transport of the GPI-anchored proteins requires Emp24p/p24 protein members, which have been proposed to fulfil a receptor function for ER exit [14, 15] . We have shown that GPI-anchored proteins are transported from the ER to the Golgi apparatus in distinct vesicles from Gap1p and gpαF in yeast Abbreviations used: ALP, alkaline phosphatase; COPII, coat protein complex II; DRM, detergent-resistant membrane; ER, endoplasmic reticulum; Gap1p, general amino-acid permease; Gas1p, glycophospholipid-anchored surface protein; gpαF, glycosylated proα-factor; GPI, glycosylphosphatidylinositol; GST, glutathione transferase; HA, haemagglutinin; ORF, open reading frame; SD, synthetic dropout; S/T region, serine-and threonine-rich region; TMD, transmembrane domain. 1 These authors contributed equally to this work. 2 To whom correspondence should be addressed (email Howard.Riezman@biochem.unige.ch). Matα sec18 pep4Δ::URA3 his4 leu2 ura3 bar1  Lab strain  RH5646 Matα gas1Δ::ADE2 gap1Δ::LEU2 ade2 leu2 lys2 ura3  Lab strain  RH2874 Matα leu2 lys2 trp1 ura3 bar1 Lab strain RH6159 Matα mfα1Δ::natMX leu2 lys2 trp1 ura3 bar1
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Lab strain [16] . The sorting, but not budding efficiency, of GPI-anchored proteins depends on the Rab GTPase Ypt1p, tethering factors Uso1p and the COG (conserved oligomeric Golgi) complex, and SNARE (soluble N-ethylmaleimide-sensitive factor-attachment protein receptor) molecules [17, 18] . In addition to these protein factors, sphingolipid/sterol-enriched DRMs (detergent-resistant membranes) may also function in sorting of GPI-anchored proteins, since GPI-anchored proteins are partitioned into these membrane domains in the ER [19] . This idea is also supported by the fact that ongoing sphingolipid synthesis is specifically required for efficient ER-to-Golgi-transport of GPI-anchored proteins [20] [21] [22] . Besides GPI-anchored proteins, various plasmamembrane-localized transporters, such as Pma1p, Tat2p, Fur4p and Can1p, are incorporated into DRM along the secretory pathway, and disturbance of DRM affects the targeting and/or stability of the proteins in the plasma membrane [23] [24] [25] [26] [27] [28] [29] [30] [31] .
In the present study, we attempted to identify the sorting determinants in the ER protein sorting between GPI-anchored proteins and other secretory proteins using several mutant proteins. We also examined the significance of DRM partitioning of those proteins for the choice of the vesicles upon ER exit. As a result, we found that protein-protein interactions via ER exit signals, but not DRM partitioning in the ER, determine the sorting into distinct vesicle populations upon ER exit.
EXPERIMENTAL

Yeast strains and plasmids
Yeast strains and plasmids used in the present study are listed in Tables 1 and 2 . ORFs (open reading frames) of MFα1 and ERV29 were replaced by NatMX [32] or KanMX [33] disruption cassettes respectively to produce RH6159 (mfα1Δ) and RH6153 (erv29Δ), in the RH2874 background. They were selected with clonNAT (Werner BioAgents) and G418-containing YPUAD [1 % (w/v) yeast extract, 2 % (w/v) peptone, 2 % (w/v) glucose and 40 mg/l each of uracil and adenine] plates respectively, and disruption was verified by PCR. For construction of plasmids carrying wild-type GAS1 (glycophospholipid-anchored surface protein), we amplified GAS1 from the yeast genome by PCR. A 2.4 kbp PCR fragment was ligated into YEplac195 or YEplac112 using SphI and SacI sites. For the plasmid containing GAS1TMD (where TMD is transmembrane domain), four independent steps of PCR reactions were done. First, the DNA fragment coding for L 19 R 2 S 2 and fragments of the GAS1 3 -region, both containing short flanking homologous sequences, were amplified. After mixing these PCR products, another round of PCR was performed to obtain the fused fragment. A fragment containing the 5 -region and part of the GAS1 ORF (M1-N528) was also amplified by PCR. These PCR fragments were mixed and finally a fused fragment containing GAS1TMD was obtained by PCR and ligated into pSEY8 using BamHI 
In vitro ER-budding assay and vesicle immunoisolation
In vitro ER-budding assay and vesicle immunoisolation are performed as described in [14, 16] . Briefly, cells were grown in SUD medium [0.16 % yeast nitrogen base without amino acids and without (NH 4 ) 2 SO 4 , 2% glucose and 0.1 % urea] at 24
• C and then grown overnight in SD (synthetic dropout) YE medium (0.67 % yeast nitrogen base without amino acids, 2 % glucose and 0.2 % yeast extract) at 24
• C. Cells were harvested at 5 × 10 6 cells/ ml, and pulse-labelled for 4 min with [
35 S]methionine and cysteine EasyTag (NEG772; Amersham) in SD medium at 24
• C. Semi-intact cells were prepared as described in [36] with few modifications. Cells were treated with 10 mM MESNA (sodium 2-mercaptoethanesulfonic acid) instead of DTT (dithiothreitol) and lyticase to digest the cell wall. By a gentle freeze-thaw cycle, we obtained transport-competent semi-intact cells. The cytosol was prepared from the strain RH2043 (sec18) as described previously [37] .
The in vitro ER-budding assay was performed in the presence of 2.5 × 10 8 semi-intact cells, cytosol, an ATP regeneration system, GTP, GDP-mannose, recombinant Sar1p (1 μM), protease inhibitor mix (leupeptin, pepstatin and antipain) for 1 h at 30
• C. ER-budding assays were performed using the cytosol prepared from sec18 cells, which are defective in the fusion of ER-derived vesicles with the Golgi apparatus to preferentially analyse the primary ER-derived vesicles. Vesicle fractions were isolated by flotation of Nycodenz layers [38] and processed for immunoprecipitation. Rabbit polyclonal antibodies against Gas1p, Gap1p, α-factor and goat polyclonal anti-GST (GE Healthcare) and Protein A-Sepharose Fast Flow (GE Healthcare) were used for immunoprecipitation. The samples were separated by SDS/PAGE and quantified using a cyclone phosphoimager (Packard). Vesicle immunoisolation using the mouse anti-HA (haemagglutinin) antibody (Roche) and Protein G-Sepharose 4 Fast Flow (GE Healthcare) was performed as described previously [16] . Pellet (P) corresponds to immunoisolated vesicles and supernatant (S) corresponds to the vesicle fraction that was not precipitated. Individual fractions were processed for immunoprecipitation and analysed as above. To quantify the percentage of proteins in Gap1p-containing vesicles, we divided the percentage of individual proteins found in the pellet fraction by the percentage of immunoisolated Gap1p. This process enables comparisons of several independent experiments in which immunoisolation efficiency of Gap1p-containing vesicles can vary.
Fractionation of the DRM fraction
The preparation of a DRM fraction of newly synthesized proteins in the ER was basically performed as described in [19] . The sec18 mutant cells expressing cargo proteins were pulse-labelled for 6 min with [
35 S]methionine and [ 35 S]cysteine EasyTag (NEG772) at the non-permissive temperature, 30
• C. The labelling reaction was stopped by the addition of 20 mM NaN 3 . The cells were lysed in TNE buffer (50 mM Tris/HCl, pH 7.4, 500 mM NaCl, 5 mM EDTA, 1 mM protease inhibitor mix and 1 mM PMSF) by glass beads. The supernatant was collected and centrifuged at 500 g for 5 min to remove unbroken cells and large debris. The cleared lysate was incubated for 30 min on ice with 1 % (w/v) Triton X-100. OptiPrep solution (Axis-Shield, Oslo, Norway) was added to reach 40 % OptiPrep. A 750 μl portion of this fraction was overlaid with 1.2 ml of 30 % OptiPrep in TXNE (0.1 % Triton X-100 in TNE) and 200 μl of TXNE. The samples were centrifuged at 55 000 rev./min for 2 h in a TLS55 rotor (Beckman), and six fractions were collected from the top. Each fraction was solubilized and analysed by immunoprecipitation [22] .
For isolation of a DRM fraction from ER-derived vesicles, the in vitro ER-budding reaction was performed using 5 × 10 8 semi-intact cells as described above. Nycodenz-purified vesicle fractions were treated with 1 % (w/v) Triton X-100 in TNE at 4
• C for 30 min. The pellet (P) and supernatant (S) fractions were obtained by ultracentrifugation at 65 000 rev./min for 1 h in a TLA-100.3 rotor (Beckman) at 4
• C. Both fractions were solubilized and analysed by immunoprecipitation.
RESULTS
Removal of potential signals from Gas1p
To investigate the mechanism of sorting of GPI-anchored proteins into distinct vesicles upon ER exit, we searched for common characteristic motifs conserved among yeast GPIanchored proteins. Most, if not all, yeast GPI-anchored proteins share two characteristic features: the GPI anchor and an S/T region. The GPI anchor is covalently attached to a newly generated C-terminal residue (ω site) after cleavage of the GPI-attachment signal in the ER. The S/T region upstream of the ω site [39] is a site for O-mannosylation [34, 40] , which begins in the ER in yeast [41] .
To investigate the role of the GPI anchor and the S/T region of Gas1p in ER budding efficiency and sorting, we used three Gas1p mutant constructs: Gas1TMD, which contains an artificial TMD consisting of 19 leucine residues and two arginine and serine residues instead of a GPI anchor; Gas1(−S/T), which lacks the S/T region, Gas1(−S/T)TMD, which lacks the S/T region and contains an artificial TMD (Figure 1 ). We measured budding and sorting of these mutant proteins in gas1Δ cells using an in vitro assay that reconstitutes ER-derived vesicle formation. Pulse-labelled semi-intact cells were incubated with exogenous cytosol, Sar1p, GTP and an ATP-regeneration system. ERderived vesicles were separated from the starting membranes by centrifugation and further purified by Nycodenz flotation. All mutant Gas1 proteins budded from the ER in a cytosoldependent manner (Figure 2A ). Gas1TMD and Gas1(−S/T)TMD showed reduced budding efficiency (60 % of wild-type Gas1p) ( Figure 2B ). This fits with the results of the in vivo pulse-chase experiments that show significant delayed appearance of the Golgi form of Gas1TMD compared with wild-type Gas1p (results not shown). In contrast, Gas1(−S/T) budded with an efficiency similar to wild-type Gas1p ( Figure 2B ). From these results, it is possible that the GPI anchor, but not the S/T region, facilitates budding from the ER or that the artificial TMD inhibits budding.
Next, we analysed protein segregation upon incorporation into ER-derived vesicles by immunoisolation of Gap1p-HAcontaining vesicles. Consistent with our previous results [16] , only 24 % of Gas1p was precipitated with 77 % of Gap1p-HA ( Figure 2C) , showing that Gap1p and Gas1p are mainly incorporated into distinct ER-derived vesicles. To our surprise, all mutant proteins behaved similarly to wild-type Gas1p ( Figures 2C and  2D ), indicating that neither the GPI anchor nor the S/T region is essential for keeping Gas1p out of the Gap1p-containing vesicles.
Addition of potential signals to prepro α-factor
We next addressed whether the GPI anchor and S/T region can function to prevent entry into Gap1p-containing vesicles. We used prepro αGPI, a chimaeric protein of prepro α-factor fused with the C-terminus of Gas1p, including the S/T region and GPIattachment signal (Figure 1 ) [42] . Endogenous prepro α-factor is processed to gpαF in the ER where its ER exit signal is recognized by a transmembrane receptor, Erv29p [8, 9] . Prepro αGPI is processed into a glycosylated and GPI-anchored protein (gpαGPI) in the ER [42] . gpαGPI ( Figure 3A ) and endogenous gpαF ( Figure 4A ) were incorporated into vesicles in a cytosol-dependent manner in vitro. The budding of gpαGPI was Erv29p-dependent ( Figures 3A and 3B) . We noticed that in comparison with gpαF, the dependence of gpαGPI on Erv29p was less tight ( Figure 3B ). This might be because gpαGPI contains a GPI anchor and thus is membrane-anchored, compared with gpαF which is a soluble luminal protein. Since gpαF forms dimers [8, 43] , we also measured gpαGPI budding in mfα1Δ cells, which express very little gpαF. In mfα1Δ cells, gpαGPI was incorporated more efficiently into vesicles than in wild-type cells; in contrast, Gas1p and Gap1p budded with similar efficiency as in wild-type cells ( Figures 3A and 3B) . This is probably due to the increased availability of Erv29p in the absence of endogenous gpαF. Next, we measured the sorting of gpαGPI into ER-derived vesicles. In wild-type and mfα1Δ cells, a substantial amount of gpαGPI was precipitated with Gap1p-containing vesicles, similar to gpαF ( Figures 3C and 3D ). These results demonstrate that it is possible for a GPI-anchored protein to enter the same vesicles as Gap1p. Therefore the S/T region and the GPI anchor of Gas1p are not dominant sorting signals to prevent entry into Gap1p-containing vesicles.
Removal of a receptor of the signal-mediated pathway
If these two regions are neither necessary nor sufficient for segregation of GPI-anchored protein from Gap1p-containing 
vesicles upon ER exit, then how is cargo selection achieved?
The simplest explanation is that GPI-anchored proteins may not be actively kept out of Gap1p-containing vesicles. Instead, Gap1 and gpαF, which contain ER exit signals [7, 9] , are actively sorted into a specialized population of ER-derived vesicles. To test this idea, we studied gpαF, which is found in Gap1p vesicles in wildtype cells (Figure 4) . Instead of eliminating its ER exit signal, which could cause misfolding of gpαF, we tested its sorting in the absence of its ER exit receptor Erv29p as an endogenous bulk flow marker, reported in [7] . In our in vitro budding assay, strong reduction of budding of gpαF but not Gap1p and Gas1p in erv29Δ cells was observed ( Figures 3B and 4A ) as reported [8] . A 22-fold increased signal of labelled gpαF accumulated during the 4 min pulse labelling in semi-intact cells derived from erv29Δ cells compared with wild-type cells ( Figure 4A , 'Total'), suggesting accumulation of gpαF in vivo in erv29Δ cells [8] . Even though the budding efficiency of gpαF in erv29Δ cells was low, it was cytosol dependent. In contrast with wild-type cells (Figure 3) , most of the vesicular gpαF in erv29Δ cells was not incorporated into Gap1p vesicles ( Figures 4B and 4C) , behaving like Gas1p. These results support the hypothesis that proteins with a functional ER exit signal are actively incorporated into the signalmediated vesicles, which are separate from other ER-derived vesicles.
Naive protein
If our hypothesis is correct, exogenous protein without any secretory information should be sorted away from Gap1p-vesicles. We used GST fused N-terminally with a cleavable signal peptide and C-terminally membrane-anchored with an artificial TMD (L 19 RRSS) (Figure 1 ). GST should not contain any secretory information since it is a cytoplasmic protein and has no consensus motifs for N-glycosylation. In vitro, GSTTMD budded in a cytosol-dependent manner ( Figure 5A ). Only a small fraction of GSTTMD was isolated with Gap1p-containing vesicles ( Figures 5B and 5C) . Importantly, Gas1p, Gap1p and GSTTMD showed similar kinetics of in vitro budding ( Figures 5D  and 5E ). This rules out the possibility that Gas1p and GSTTMD are packaged into different vesicles to Gap1p due to temporal causes. The result confirms that proteins without ER exit signals are not packaged into signal-mediated ER-derived vesicles.
Detergent insolubility of GPI-anchored proteins in the ER and ER-derived vesicle fractions
GPI-anchored proteins are known to be incorporated into DRM fractions in the ER in yeast [19] . In order to examine the correlation between partitioning into the DRM fraction and protein sorting in the ER, we examined detergent insolubility of Gas1TMD The GPI anchor is a determinant for DRM partitioning of proteins DRM isolation was performed using pulse-labelled RH5240 (gas1Δ, sec18) cells expressing Gas1TMD together with HA-tagged Gap1p (A) and pulse-labelled RH4913 (sec18) cells expressing prepro αGPI together with HA-tagged Gap1p (B). Fractions 1-6 were collected from the top of OptiPrep gradients and analysed by immunoprecipitation. Total recovery, fractions 1-6, was set to 100 %. Numbers represent percentage of recovery in each fraction. (C) Bars for each protein represent the means for percentage recovered in the DRM fraction (fraction 1 plus 2) of several independent experiments; n = 2-5.
and gpαGPI in the ER using previously described techniques [19] . To detect newly synthesized proteins in the ER, we used sec18 cells, which show a block in all ER-to-Golgi transport, pulselabelled with [ 35 S]methionine and [ 35 S]cysteine. The total protein extract was treated with 1 % Triton X-100 at 4
• C for 30 min. The detergent-treated protein fraction was subjected to flotation in an OptiPrep gradient by ultracentrifugation. The DRM fraction floats into the upper two fractions [19] . Concerning the two endogenous GPI-anchored proteins, Yps1p and Gas1p, more than 20 % of the pulse-labelled proteins are partitioned into DRM ( Figure 6 ) as reported previously [19] . Similar to endogenous GPI-anchored proteins, 20.7 % of gpαGPI was partitioned into the DRM fraction in contrast with 2.7 % of endogenous gpαF ( Figures 6B  and 6C ). In contrast, a significantly lower amount of Gas1TMD (8.6 %) was partitioned into the DRM fraction similar to transmembrane proteins, Gap1p (4-7 %) ( Figures 6A and  6C ). These results demonstrate that a GPI anchor determines partitioning into the DRM fraction in the ER. Based on the sorting results described above (Figures 2 and 3) , it seems that DRM partition in the ER does not show any correlation with protein sorting upon ER exit, at least concerning these mutant proteins. Next we examined the detergent insolubility of GPI-anchored proteins in in vitro produced ER-derived vesicles (Figure 7) . Because of the low signal intensity in the vesicle fractions, we incubated the vesicle fraction with cold Triton X-100 and separated the extracts by ultracentrifugation into supernatant and pellet fractions, the latter corresponding to the DRM fraction. Interestingly, in the vesicle fraction, gpαGPI was no longer partitioned into the DRM fraction in contrast with Gas1p, which was still partitioned into the DRM fraction to a similar level as in the ER (Figures 6 and 7) . We obtained the same results in mfα1Δ cells (Figure 7, mfα1Δ) , excluding the possibility that interaction with endogenous gpαF in the vesicle fraction is the reason for the loss of the insolubility of gpαGPI in the vesicle fraction. These results show the remarkably different status of two GPI-anchored proteins incorporated into the distinct vesicle populations.
DISCUSSION
We previously reported that Gap1p and gpαF are incorporated into the same vesicle populations and two GPI-anchored proteins are found in a different vesicle population upon ER exit [16] . In the present study, we found that the efficient incorporation of gpαF into Gap1p-containing vesicles requires its ER exit receptor Erv29p. Another protein incorporated into the same vesicle population is pro-ALP (alkaline phosphatase) [16] . Recently, Erv26p has been identified as its ER exit receptor [44] . Therefore we might predict that incorporation of pro-ALP into Gap1p-vesicles also requires Erv26p. Importantly, ER exit of gpαF and pro-ALP is not absolutely dependent on Erv29p and Erv26p respectively [8, 44] , and bulk flow movements of those precursor proteins from the ER would explain the reduced transport rate in the absence of those potential receptors [7] . It has been reported that α-factor production is absolutely essential for mating of Mat α cells [45] . The fact that Mat α erv29Δ cells have only a small effect in a quantitative mating test (results not shown) provides in vivo evidence that an alternative to receptor-mediated ER exit exists and is functional in yeast. In the present study, we provide biochemical evidence that most of the cargo proteins transported by bulk flow movements, such as gpαF in erv29Δ and GSTTMD, are incorporated into vesicle populations different from the signaland receptor-mediated pathway upon ER exit.
The fact that gpαGPI enters Gap1p-containing vesicles (Figure 3) demonstrates that the proteinaceous signal of gpαF is dominant over a GPI anchor, even though the GPI anchor might have some role in protein exit and sorting from the ER. Both in yeast and mammalian cells, Emp24p/p24 family proteins are required for efficient transport of GPI-anchored proteins from the ER [14, 15] . Several lines of evidence suggest that there is a specific mechanism for efficient transport of GPIanchored proteins from the ER. The transmembrane version of Gas1 proteins showed lower budding efficiency than the GPI-anchored version of Gas1 proteins (Figures 2A and 2B) . The gpαGPI protein in the absence of Erv29p budded more efficiently (3.4 % in Figure 3A ) than the naive transmembrane protein, GSTTMD (1.6 % in Figure 5A ) or than gpαF in the absence of Erv29p. At present, we cannot test whether or not endogenous GPI-anchored proteins are incorporated into the same vesicle population as various Gas1p mutant proteins or signal-less proteins such as GSTTMD, because GPI-anchored proteins do not contain a cytoplasmic domain, which would permit their specific immunoisolation.
In yeast, GPI-anchored proteins are known to be incorporated into DRM in the ER [19] . We found that Gas1p and gpαGPI are incorporated into the DRM fraction in the ER to a similar extent. The fact that these two proteins enter different vesicle populations in the ER demonstrates that DRM association is not a dominant determinant in the choice of ER-derived vesicles. Interestingly, after incorporation into ER-derived vesicles, gpαGPI no longer partitioned into the DRM fraction in contrast with persistent partition of Gas1p into the DRM in the vesicle fraction. These results demonstrate the different status of the two GPI-anchored proteins in the different vesicle populations. We can put forward several interpretations, which are not mutually exclusive. The efficient budding of gpαGPI upon incorporation into the vesicle fraction depends on Erv29p (Figures 3A and 3B) . The tight interaction with Erv29p, which has four TMDs [46] , might prevent DRM partitioning of gpαGPI in the vesicle fraction. Alternatively, non-GPI-anchored precursors of gpαGPI, before GPI anchoring in the ER, are exclusively incorporated into the vesicle fraction. We believe that this is unlikely because it was shown that GPI attachment is required for efficient transport and secretion of gpαGPI [42] . Finally, one could think that this difference reflects a distinct lipid and protein environment in different ER-derived vesicle populations. Recently, it has been shown that biosynthesis of GPI-anchored proteins is required for efficient transport of DRM-associated proteins, such as Tat2p and Fur4p from the ER [47] and lipid components of DRM, such as ceramide and ergosterol from the ER in yeast [48] . Together with the present results, we can speculate that a class of ER-derived vesicles carrying endogenous GPI-anchored proteins might contain specific lipids together with proteins that have higher affinity for these lipids. In contrast, signal-mediated Gap1p-containing vesicles might contain a much lower amount of those specific lipids. Further analysis of protein and lipid composition of the different vesicle populations is required to address this hypothesis.
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